Background: In HIV-infected patients, combination antiretroviral therapy (cART) is associated with clinical lipodystrophy (CL) and metabolic abnormalities (MA). This study aimed to evaluate the prevalence of the metabolic syndrome (MS) and its components, and to determine whether patients with or without CL had a different prevalence of MA.
Background
Combination antiretroviral therapy (cART) has changed the course of HIV infection, leading to a significant reduction in AIDS related morbidity and mortality [1] . However, cART is known to be associated with changes in fat distribution (lipodystrophy) and metabolic abnormalities, including insulin resistance, dyslipidemia, and increased blood pressure (BP) [2, 3] .
The Metabolic syndrome (MS), a common condition in the general population, refers to a constellation of cardiovascular disease (CVD) risk factors, including increased waist circumference (WC), glucose and lipid metabolism disorders, and hypertension [4, 5] . Each of these risk factors individually increases cardiovascular risk, but the MS itself has shown to be a powerful independent risk factor for cardiovascular morbi-mortality and diabetes [6] . It is still controversial if the MS improves the identification of high risk individuals [7] [8] [9] . HIV-infected lipodystrophic patients share several components of the MS. The prevalence of the MS in HIVinfected patients has been reported to range from 4.4 to 45.4% [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] .
HIV-lipodystrophy is considered to be an adverse effect of cART, not limited to a specific drug or class of drugs [24] . It seems to affects up to half or even more HIV-infected patients receiving cART [25] . However, few studies address the prevalence of the MS in patients with lipodystrophy [12, 14, 17] .
The aim of this study was to evaluate the prevalence of the MS and of its five individual components in HIVinfected patients on cART and to determine whether patients with or without CL had a different prevalence of MA.
Methods

Subjects
As part of a cross-sectional study, 345 non-institutionalized, HIV-infected Caucasian adults (239 males), on cART referred from the Infectious Diseases to the Endocrinology Out-patient Clinic of Hospital São João due to lipodystrophy or any metabolic disorders were included. Only patients on cART were included, since lipodystrophy is mainly related to ART drugs. The study protocol was approved by the Hospital's Ethical Committee and all patients provided informed consent.
Clinical assessment
For each patient the following information was collected, using a standardized protocol: demographic data (age, gender), duration of HIV infection, history of diabetes, hypertension, use of antidiabetic, antihypertensive or lipidlowering drugs and duration of cART. Weight, height, WC and resting BP were measured as previously described [26] . Body weight was measured using TANITA (Tanita ® , model TBF 300) scale and height was measured to the nearest centimetre in the standing position using a wall stadiometer (Holtain Limited Crymych, Dyfed ® ). Clinical lipodystrophy (CL) and central fat accumulation or abdominal prominence, were defined as previously described [27] . All clinical assessments were performed by the same practitioner (PF). Patients were classified in 4 different groups according to the presence or absence of either lipoatrophy or abdominal prominence: group 1-No lipodystrophy (patients without clinical lipoatrophy and without abdominal prominence); group 2-Isolated central fat accumulation (patients without clinical lipoatrophy and with abdominal prominence); group 3-Isolated lipoatrophy (patients with clinical lipoatrophy and without abdominal prominence); group 4-Mixed forms of lipodystrophy (patients with clinical lipoatrophy and with abdominal prominence).
A venous blood sample was drawn after a 12-hour overnight fast. All the samples were analyzed at the central laboratory of our hospital. Plasma glucose, total cholesterol, HDL cholesterol (HDL-C) and triglycerides were determined using automatic standard routine enzymatic methods. Hepatitis C was diagnosed by HCV-Ab serostatus. The CD4+ cell count was determined by flow cytometry and plasma RNA-VIH was measured by a quantitative reverse transcriptase polymerase chain reaction, which had a lower limit of detection of 50 copies/mL.
Metabolic Syndrome definitions
Two different MS definitions were used: the Third Report of the National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (ATPIII) modified by American Heart Association/National Heart, Lung, and Blood Institute Scientific Statement (AHA/NHLBI) in 2005 [28] and the International Diabetes Federation (IDF) definition [29] .
The Framingham cardiovascular risk score was calculated for all patients using the Framingham methodology as reported by Wilson. It incorporates age, gender, systolic blood pressure, lipids, glucose, and smoking status into a model that predicts the probability of coronary heart disease risk at 10 years [30] .
Statistical analysis
Data were presented as mean and standard deviation (SD) for quantitative variables when normally distributed. When the variable distribution was different than the normal, it was expressed as median and respective 25 th and 75 th percentiles. For comparison between quantitative variables Student-t test and the Mann-Whitney test were used when appropriate. Categorical variables were described as counts and proportions, and compared using the chi-square or Fisher's exact test. Kappa coefficients were estimated to analyze the statistical agreement between ATP III as modified by the AHA/NHLBI and IDF definitions of MS.
Odds ratios and their respective 95% confidence intervals (CI) were computed using unconditional logistical regression models. The association between lipodystrophy and the presence of MS and its individual components was estimated after adjustment for sex, age, cART duration and BMI, whenever appropriate.
Statistical analysis was performed using the SPSS version 17.0 software (SPSS Inc., Chicago, Illinois, USA). All probabilities were two tailed and p values < 0.05 were regarded as significant.
Results
Of the 345 HIV-1 infected patients on cART included in this study, 58.7% presented CL. Table 1 shows the characteristics of the study sample according to the presence of CL. Patients with CL were more frequently male, older, had longer duration of infection, longer duration of cART and lower weight, BMI and WC. Also, this group of patients had significantly higher CD4+ cell counts and a significantly higher prevalence of virological suppression. No significant differences in HIV risk factors or in cART regimen composition were found between patients with or without CL. The prevalence of hepatitis C co-infection was 28.8%, without significant differences between patients with or without CL. No significant differences were found in smoking history (never, current or former) between patients with or without CL, however, patients who were current smokers had the highest frequency of low and normal weight and those who never smoked had the highest frequency of overweight and obesity (data not shown). No significant difference was found in fasting glucose according to smoking history (data not shown). According to the presence of CL, no differences were found in systolic and diastolic BP, glucose and total cholesterol levels. However, patients with CL had lower HDL-C and higher triglycerides plasma levels ( Table 1) . Regarding BMI distribution, men and women with CL, were more frequently classified as normal when compared to those without CL. Those without CL were more frequentely classified as overweight (Table 2) .
Metabolic syndrome
In our sample, the prevalence of MS was 52.2% and 43.2%, according to ATPIII and IDF criteria, respectively. No significant differences in the prevalence of the MS were observed in patients with or without CL, regardless of the definition used (table 3) . Moderate concordance was observed between the 2 definitions (kappa = 0.484; p < 0.001). After gender stratification, moderate agreement was observed in men (kappa = 0.374; p < 0.001), and good agreement in women (kappa = 0.759; p < 0.001). Using both MS criteria, no significant differences in the prevalence of CL were found between patients with and without MS [[with MS 60.6% (109 patients) vs without MS 58.8% (97 patients); p = 0.822 for ATPIII] and [with MS 57.0% (85 patients) vs without MS 61.7% (Table 3) . However, men and women with lipodystrophy had a significantly different prevalence of the MS when stratified by BMI classes, regardless the criteria used to define the MS (Table 4) . Men and women with CL presented a significantly higher prevalence of the MS in the normal and underweight class (Table 4) . A significantly higher prevalence of hypertriglyceridemia, low HDL-C levels and lower prevalence of abdominal obesity were observed in patients with CL. No differences were found in the number of the MS features according to ATPIII and IDF criteria in patients with and without CL ( Table 1) .
Regarding the aggregate of the MS criteria using the ATP definition, the most frequent aggregate number was 2, except for men without CL. On the other hand, using the IDF definition, the most frequent aggregate number was 3, except for women without CL (table 5 and 6) . No significant increase of MS prevalence with age was observed in patients with or without CL (data not shown).
Concerning the frequency of the individual ATPIII criteria for MS, we found a significantly lower prevalence of central obesity in men with CL and no other significant differences were observed. No significant differences were found in the frequency of the five IDF criteria for the MS in men (table 5) .
In women with CL, using either ATPIII or IDF criteria, we found a statistically higher frequency of hypertriglyceridemia and lower HDL-C levels. According to ATPIII criteria, women with CL had a lower frequency of central obesity (Table 6) . No significant differences were found between the cumulative number MS features according to the presence of CL in both genders (Table 5 and 6 ).
In men, high blood pressure, high WC and the MS were more frequent in those with isolated central fat accumulation and mixed forms of lipodystrophy using either ATPIII or IDF criteria. High fasting glucose levels were significantly more frequent in patients with isolated central fat accumulation and mixed forms of lipodystrophy using ATPIII criteria and without any differences (p = 0.058) in the 4 groups of fat distribution using the IDF criteria (table 7) .
In women, no significant differences were found in high blood pressure and high fasting glucose levels in the four groups of fat distribution (either ATPIII or IDF criteria). Hypertriglyceridemia, low C-HDL levels, high waist circumference and presence of the MS were more frequent in patients with isolated central fat accumulation and mixed forms of lipodystrophy using either ATPIII or IDF criteria (table 8) .
Men and women with CL, after adjustment for age and cART, had significantly lower odds of having central obe- No significant differences were found in the five classes of the Framingham risk score between patients with or without CL (data not shown).
Patients with CL had a significantly higher median risk of coronary heart disease at 10 years, measured by the Framingham risk score, than patients without CL, [median (25th and 75th percentile) = 7.00 (4.00-14.00) and 6.00 (4.00-11.00); p = 0.049]. Independent of the presence of CL, those with MS had a higher median of the Framingham risk score. In patients without CL, those with MS had a higher Framingham risk score median than those without MS, [median (25th and 75th percentile) = 7.00 (4.00-12.50) and 6.00 (3.00-9.00); p = 0.007]. Also, in patients with CL, those with MS, had a higher Framingham risk score than those without MS, [median (25th and 75th percentile) = 9.00 (6.00-18.00) and 6.00 (4.00-9.00); p < 0.001].
In patients with CL, we found significant differences in the Framingham risk score classes between patients with or without MS. Patients with CL and with MS had higher frequencies of moderate and high risk categories than those without MS (table 11). 
Discussion
To our knowledge, this is the first study conducted in HIV-infected patients focusing specifically on the role of subcutaneous adipose tissue atrophy defined by presence of CL on the prevalence of the MS. Another particularity is that all patients were on cART. Other studies analysed the presence of the MS in naïve or on cART HIVinfected patients, with sub-analyses concerning the presence of CL in patients with the MS [12, 14, 17] . cART can induce a large spectrum of metabolic disturbances. On the other hand, lipodystrophy per se, including genetic lipodystrophy syndromes, is associated with lipid and metabolic disturbances, and hasmany similarities with the MS [2, [31] [32] [33] [34] [35] . The effect of cART on the molecular processes of metabolic disturbances has been extensively studied [36] and its contribution to an increased risk of premature and accelerated atherosclerosis in HIV infection is well recognized [37, 38] . Our aim was to determine the different patterns of metabolic alterations in patients with or without lipodystrophy.
It is unknown if the MS is more frequent in patients with lipodystrophy compared to either with patients without lipodystrophy and not HIV-infected [9, 17] . We found a higher prevalence of MS compared with some studies [9, 10, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] but similar to another [11] . We included all patients referred from the Infectious Diseases Department to our Endocrinology Out-patient Clinic for metabolic abnormalities, but we cannot exclude the selection bias by the infectious disease specialist. We found a high prevalence of lipodystrophy but there was no selection bias for the presence of isolated lipoatrohy or abdominal prominence. Since our main goal was to evaluate whether the presence of lipodystrophy influences MA, only patients on cART were included. The high MS prevalence may reflect the fact that all the patients were on cART. Another important fact is the low prevalence of intravenous drug users in our study (24.6% in patients without CL and 30.6% in patients with CL) compared with Jericó study (41.3%), which concurred on the low prevalence of abdominal obesity. Studies of prevalence of MS in HIV-infected individuals compared with control populations revealed different prevalences of MS) [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] and it also seems to be higher than the 22 to 24% prevalence rate reported for the general US population [39] . Other data suggest that the increased prevalence of MS among HIV-infected persons may be reflective of the burgeoning epidemic of obesity than a predominant effect of cART [40] . Cigarette smoking analysis could be important because of its frequent association with lower BMI and higher glucose levels, however, no significant difference was found in smoking history (never, current or former) between patients with or without CL. Also, no significant difference was found in fasting plasma glucose levels according the smoking history. In our sample, the prevalence of MS was lower using the IDF definition compared to the ATPIII criteria either in the total of the patients or in men with or without CL. On the other hand, in women it was higher when the IDF definition was used. This probably mirrors the fact that central obesity is a compulsory criterion for the IDF definition, and, women had a higher mean of WC. Since HIV patients despite lower WC had increased visceral fat, Capeau J proposed that a different WC cut-off is needed for HIV patients [34] . In fact, in our data, patients with CL after adjustment for age and cART had significantly lower odds of having central obesity.
No differences in the prevalence of ATPIII or IDF defined MS between patients with and without CL were observed, like it was previously described by Estrada [14] . In women, CL was significantly associated with MS, hypertriglyceridemia and low HDL cholesterol independently of age, cART and BMI. Analyzing the data differently, Samaras showed that the prevalence of CL was 57.2% in the total of patients, and 73% and 79% in Table 9 Association between lipodystrophy and the metabolic syndrome and its individual components in men those with MS defined by respectively IDF and ATPIII criteria [17] . In our patients, we did not find any significant differences in the prevalence of lipodystrophy in patients with and without MS, according to both criteria. In the Jericó study, as in Samaras, lipodystrophy was more common among MS participants (50.4 vs 33.8; p = 0.0001) [12] , and Squillace, also found that CL was strongly associated with MS [22] . In the Jericó and Mangili studies, the prevalence of MS in HIV-infected patients significantly increased with age [12] . In our sample, we did not observe any differences in the distribution of MS prevalence according to age. This may reflect the homogeneity of age strata in our sample, when compared to other studies (only 12% of our sample were 60 years or older).
Regarding gender differences, as in our study, Mangili reported that significantly more women than men had MS [10] .
Concerning the number of MS components, in our study and according to IDF definition, we had 25% of patients with two features of MS which is lower when compared to other studies [12, 17] . In the Samara study, 49% of patients had at least two features of MS, namely elevated lipid levels [17] . In the Jericó study, the MS prevalence was 17%, with 69.3% of patients showing one or more features of MS, 35.8% two or more, 4.5% three or more and 0.1% five features [12] .
Concerning the prevalence of the individual features of MS, we found that the two least prevalent features were high fasting glucose level (similar to Bonfatti and Sobieszczyk) [18, 21] and high WC, the latter being the least prevalent in the patients with CL. Lipid abnormalities, namely high triglyceride and low HDL-C levels, were present in all HIV-infected patients [9, 10, 12, 13, 16, 17] and also in CL patients, the most prevalent components of MS. Obesity is an important risk factor for MS in the general population and in HIV-infected individuals [40] . We found a higher prevalence of overweight and obesity among the patients without CL. Although not proving causation, because of the cross-sectional nature of the study design, we can hypothesize that the high frequency of overweight and obesity in patients without CL may contribute to the observed absence of difference in the MS prevalence between patients with or without CL. To clarify the relation between obesity and MS as well as the alterations in the fat distribution, data was analysed according to the presence or absence of either lipoatrophy or abdominal prominence. In men, high blood pressure and MS were more frequent in those with isolated central fat accumulation and mixed forms of lipodystrophy (ATPIII and IDF criteria) and high fasting glucose levels were significantly more frequent in same two groups using ATPIII criteria. In women, hypertriglyceridemia, low C-HDL levels, high WC and presence of MS were more frequent in those with isolated central fat accumulation and mixed forms of lipodystrophy using either ATPIII or IDF criteria. The observation that patients with CL had significantly higher risk of coronary heart disease at 10 years, measured by the Framingham risk score, than patients without CL and that those with CL and with MS had higher frequencies of moderate and high risk categories than those without MS emphasizes the importance of the clinical diagnosis of this condition. The higher risk of CHD at 10 years of HIV lipodystrophic patients was previously reported by Ena [41] . In the De Socio study, a correlation between the Framingham risk score and MS was observed, and patients with lipodystrophy had a higher Framingham risk score than patients without lipodystrophy, suggesting that the presence of lipodystrophy has metabolic implications equivalent to those of MS [42] .
Our study had some limitations. We did not exclude patients with diabetes or hypertension diagnosed prior to HIV infection. We also cannot discard the influence of the pre-HIV body composition, the cumulative exposure time of each drug and the nadir value of CD4 factors that could contribute to the risk lipoatrophy or abdominal prominence that were not evaluated. It is difficult to compare results on the prevalence of MS because of the heterogeneity in populations regarding past and actual cART regimens and treatment adherence. Regarding the CD4 count we only presented the values at the time of the cross sectional evaluation, because we did not have access to the nadir value. Finally, there exists the possibility of selection bias. Some subjects in this study were referred from to Endocrinology Clinics specifically for lipodystrophy or metabolic disorders related to cART, and so we might have selected for a study population enriched for metabolic complications.
Conclusions
In women, CL was significantly associated with the metabolic syndrome, hypertriglyceridemia and low HDL cholesterol independent of age, cART and BMI. Our data showed that among HIV patients on cART, the prevalence of MS may be remarkably high, especially when taking into account the mean age of our sample. The observation that patients with CL had a significantly higher risk of coronary heart disease at 10 years, measured by the Framingham risk score, than patients without CL and those with CL and with MS had higher frequencies of moderate and high risk categories than those with CL but without MS, emphasizes the importance of the clinical diagnosis of this condition. 
